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Description 

METHOD FOR RECOVERING FRAME 
TIMING OF A MOBILE COMMUNICATION 
DEVICE PERFORMING A SLEEP MODE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of controlling 
frame timing of a mobile communication device. More 
specifically, the present invention discloses a method for 
controlling frame timing of a mobile communication de- 
vice performing a sleep mode. 

[0003] 2. Description of the Prior Art 

[0004] a wireless communication system includes a plurality of 
base stations. Each base station corresponds to a cell, and 
is used to control signal reception and signal transmission 
of a plurality of mobile units located at the cell. The mo- 
bile units mostly are portable communication devices or 
mobile communication devices. For instance, within a 



global system for mobile communications (GSM), the 
above-mentioned mobile units are cellular phones. 

[0005] | n order to allow the cellular phones to be conveniently 
carried, the cellular phones currently adopt rechargeable 
batteries to provide required operating voltages. Obvi- 
ously the capacity of the rechargeable battery is limited. If 
a rechargeable battery with great power capacity is used 
by a cellular phone to increase overall operational time of 
the cellular phone, the rechargeable battery substantially 
increases the size and weight of the cellular phone so that 
it is not convenient to carry the bulky cellular phone. 
Therefore, how to decrease the power consumption of the 
cellular phone has become an important issue. When the 
power consumption of the cellular phone is reduced, the 
cellular phone is capable of using a rechargeable battery 
with a smaller power capacity, a smaller size, and a re- 
duced weight to achieve the same operational time. In 
other words, the cellular phone becomes more convenient 
for the user to operate it. 

[0006] | n order to reduce power consumption of the cellular 

phone, it is well-known that the cellular phone performs a 
sleep mode to reduce power dissipation. For example, 
when the cellular phone does not receive signals or trans- 



mit signals, and the user does not operate the cellular 
phone, the cellular phone enters an idle mode. The cellu- 
lar phone, therefore, does not need a clock signal to per- 
form certain operations, and then the cellular phone en- 
ters the sleep mode to stop the clock signal from driving 
components in the cellular phone. In other words, unnec- 
essary power dissipated during the idle mode is cut. The 
cellular phone then achieves an objective of saving power. 
[0007] However, it is well-known that the GSM utilizes a prior art 
time division multiple access (TDMA) scheme to perform 
signal transmission. Timing of the mobile unit needs to be 
synchronized with frame timing of a corresponding base 
station so that the mobile unit is capable of receiving sig- 
nals and transmitting signals. The prior art wireless com- 
munication system transmits a paging signal to the mo- 
bile unit to inform the mobile unit of an incoming call. 
Therefore, the timing of the mobile unit has to be syn- 
chronized with the timing of the base station to correctly 
receive the paging signal. Even though the mobile unit has 
entered the sleep mode for saving power, the mobile unit 
should periodically recover from the sleep mode to detect 
if the wireless communication system is transmitting the 
paging signal. In other words, when the mobile unit es- 



capes from the sleep mode, the mobile unit needs to re- 
cover its timing to be synchronized with timing of the 
prior art wireless communication system. 
[0008] please refer to Fig. 1, which is a circuit diagram of a prior 
art mobile unit 40. The mobile unit 40 has an antenna 42, 
a transceiver 44, a timing generator 46, a micro-controller 
48, a clock generator 50, and a memory 52. The antenna 
42 is capable of receiving radio frequency (RF) signals 
outputted from a base station 41, and is capable of trans- 
mitting RF signals outputted from the mobile unit 40 to- 
ward the base station 41. The transceiver 44 is capable of 
converting RF signals outputted from the antenna 42 into 
corresponding low-frequency baseband signals, and then 
delivers the baseband signals to the micro-controller 48. 
In addition, the transceiver 44 is also capable of convert- 
ing baseband signals into corresponding high-frequency 
RF signals, and then outputs the RF signals from the an- 
tenna 42. 

[0009] The micro-controller 48 executes a real-time operating 

system (RTOS) 54 stored in the memory 52 for controlling 
overall operation of the mobile unit 40. That is, the mi- 
cro-controller 48 processes control signals and informa- 
tion signals generated from the base station 41, where the 



control signals are used to set the required communica- 
tion protocol used by the mobile unit 40 and the base 
station 41. The information signals are speech signals or 
data signals transmitted between a caller and a listener. 
The clock generator 50 is used to generate a system clock 
CLK for driving the micro-controller 48 to control the mo- 
bile unit 40. In addition, the timing generator 46 gener- 
ates timing signals according to the system clock CLK, 
and the timing signals are used to control timing of the 
mobile unit 40to be synchronized with the timing of the 
base station 41 so that the transceiver 44 can transmit 
and receive signals successfully. 

[0010] please refer to Fig. 2, which is a flow chart illustrating op- 
eration of the sleep mode run by the mobile unit 40 
shown in Fig.l. The sleep mode run by the mobile unit 40 
has the following steps. 

[0011] Step 100: Start. 

[0012] step 102: Perform a sleep manager 56. 

[0013] step 104: Check if the mobile unit 40 enters an idle mode 
through the sleep manager 56. If the mobile unit 40 en- 
ters the idle mode, go to step 106; otherwise, go to step 
120. 



[0014] step 106: Calculate a predetermined running period of the 
sleep mode for the mobile unit 40 through the sleep man- 
ager 56. 

[0015] step 108: The mobile unit 40 enters the sleep mode. 

[0016] step 110: Run a synchronous task 58 before the system 
clock of the mobile unit 40 is interrupted from driving the 
micro-controller 48. 

[0017] step 112: Use the synchronous task 58 to detect if the 
mobile unit 40 is triggered by an external event to abort 
the sleep mode. If the external event occurs, go to step 
118; otherwise, go to step 114. 

[0018] step 114: Calculate an actual running period of the sleep 
mode performed by the mobile unit 40 through the syn- 
chronous task 58. 

[0019] step 116: Use the synchronous task 58 to control the tim- 
ing generator 46 for recovering timing of the mobile unit 
40 to make timing of the mobile unit 40 synchronized 
with timing of the base station 41. 

[0020] step 118: Terminate the synchronous task 58. 

[0021] step 120: Terminate the sleep manager 56. 
[0022] step 122: Finish. 

[0023] As mentioned above, the micro-controller 48 executes the 



RTOS 54 to control operation of the mobile unit 40. When 
the micro-controller 48 runs a sleep manager 56, the 
sleep manager 56 is activated to drive the mobile unit 40 
to enter the sleep mode with the system clock CLK 
stopped from driving the micro-controller 48, then the 
operation of the mobile unit 40 is interrupted. According 
to the prior art, the sleep manager 56 is a task with a low- 
est priority. Therefore, when the sleep manager 56 is suc- 
cessfully executed by the micro-controller 48 (step 102), 
it means that other tasks with greater priorities have en- 
tered the same idle mode. In other words, the mobile unit 
40 enters the idle mode now (step 104). Then, the sleep 
manager 56 starts calculating a predetermined running 
period of the sleep mode performed by the mobile unit 40 
according to information provided by the RTOS 54 (step 
106). Next, the sleep manager 56 begins controlling the 
clock generator 50 to stop the system clock CLK from 
driving the mobile unit 40 (step 108). However, before the 
system clock CLK of the mobile unit 40 is actually cut 
from driving the micro-controller 48, the micro-controller 
48 runs a synchronous task 58 (step 110) that is an inter- 
rupt service routine (ISR). The synchronous task 58 de- 
tects if the mobile unit 40 is trigged by an external event 



to abort the sleep mode. If an external event (one key 
pressed by a user for example) is detected by the mobile 
unit 40, the sleep mode is aborted before the system 
clock CLK stops driving the micro-controller 56 (step 
120). On the other hand, if an external event is not de- 
tected before the system clock CLK stops driving the mi- 
cro-controller 48, the synchronous task 58 will calculate 
an actual running period of the sleep mode performed by 
the mobile unit 40. Because the external event might be 
triggered during the time that the mobile unit 40 is run- 
ning the sleep mode, the sleep mode then will be termi- 
nated immediately to enable the system clock CLK to con- 
tinue driving the micro-controller 48 for executing an as- 
sociated ISR. Therefore, the actual running period of the 
sleep mode might be less or equal to the predetermined 
running period. In the end, when the system clock CLK 
drives the micro-controller 48 again, the synchronous 
task 58 controls a timing signal, which is outputted from 
the timing generator 46 and inputted into the transceiver 
44, for recovering the timing of the mobile unit 40 to be 
synchronized with the timing of the base station 41 ac- 
cording to the actual running period (step 116). Then, the 
synchronous task (step 118) and the sleep manager 56 



(step 120) are sequentially terminated to complete overall 
timing recovery operation corresponding to the sleep 
mode. 

[0024] a s mentioned above, the sleep manager 56 is a task hav- 
ing a lowest priority to check if the mobile unit 40 corre- 
sponds to an idle mode. However, when step 106 is exe- 
cuted to calculate the predetermined running period of 
the sleep mode, the sleep manager 56 currently running 
step 106 is interrupted if an ISR corresponding to a higher 
priority is triggered. If the sleep manager 56 constantly 
interrupted by other ISRs having higher priorities, the 
sleep manager 56 requires a long period of time to com- 
plete step 106 for obtaining the predetermined running 
period. In addition, from the flow chart shown in Fig. 2, the 
prior art needs the sleep manager 56 and the syn- 
chronous task 58 to respectively activate the sleep mode 
and the timing recovery operation after the sleep mode is 
terminated. It is obvious that many interrupt events and 
exception events should be considered during program- 
ming the sleep manager 56 and the synchronous task 58. 
In addition, the sleep manager 56 and the synchronous 
task 58 belong to different processes. Because operation 
of the sleep mode performed by the mobile unit 40 in- 



volves coordination among different processes, operation 
of the sleep mode becomes more complicated as com- 
pared with a single process controlling the sleep mode. 
Summary of Invention 

[0025] it is therefore a primary objective of this invention to pro- 
vide a method for controlling timing of a mobile unit 
through an interrupt service routine having a highest pri- 
ority. 

[0026] Briefly summarized, the claimed invention discloses a 
method for controlling the timing of a mobile unit. The 
mobile unit is connected to a base station via radio com- 
munication. The base station transmits wireless signals to 
the mobile unit according to a plurality of frames within a 
time division multiple access (TDMA) system. The mobile 
unit includes a micro-controller unit for running a real- 
time operating system to load a plurality of control proce- 
dures used to control operation of the mobile unit, the 
control procedures include a synchronous task, a timing 
generator electrically connected to the micro-controller 
unit for controlling the timing of the mobile unit corre- 
sponding to the frames, and a clock generator electrically 
connected to the micro-controller unit for generating a 
first clock signal to drive the micro-controller unit. 



[0027] The method includes using the micro-controller unit to 
execute the synchronous task for interrupting other con- 
trol procedures currently loaded by the real-time operat- 
ing system, using the synchronous task to calculate a pre- 
determined sleep period for a sleep mode that is used to 
stop the first clock signal from driving the micro-con- 
troller unit, using the micro-controller unit to execute the 
synchronous task for driving the mobile unit to stop the 
first clock signal from driving the micro-controller unit 
during an actual sleep period, and using the micro- 
controller unit to execute the synchronous task for con- 
trolling the timing generator to synchronize timing of the 
mobile unit with the timing of the base station according 
to the actual sleep period. 

[0028] it is an advantage of the claimed invention that the 

claimed method adopts one interrupt service routine with 
a highest priority to simultaneously control an execution 
of the sleep mode and an operation of recovering timing. 
Because the used interrupt service routine has the highest 
priority, other programs or other interrupt service rou- 
tines are not permitted to interrupt operations run by the 
used interrupt service routine. Therefore, the mobile unit 
performs the sleep mode much more efficiently to reduce 



power consumption. In addition, the life of the battery is 
extended. The claimed method provides a simple scheme 
and an efficient way to manage operation of the sleep 
mode. 

[0029] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0030] pig.l is a circuit diagram of a prior art mobile unit. 

[0031] pig. 2 a flow chart illustrating the operation of a sleep 
mode run by the mobile unit of Fig.l. 

[0032] pig. 3 is a block diagram of a mobile unit according to the 
present invention. 

[0033] Fig. 4 is a diagram illustrating the operation of a syn- 
chronous task shown in Fig. 3. 

[0034] Fig. 5 is a flow chart illustrating the operation of a sleep 
manager shown in Fig. 3. 

[0035] Fig. 6 is a flow chart illustrating the operation of the sleep 
mode performed by the mobile unit shown in Fig. 3. 

[0036] Fig. 7 is a diagram illustrating the timing recovery opera- 



tion performed by the mobile unit shown in Fig. 3. 
Detailed Description 

[0037] please refer to Fig. 3, which is a block diagram of a mobile 
unit 60 according to the present invention. The mobile 
unit 60 includes an antenna 62, a transceiver 64, a timing 
generator 66, a micro-controller unit (MCU) 68, a memory 
70, a clock generator 72, a first counter 74, a second 
counter 76, a first register 86, a second register 88, a 
third register 90, and a sleep mode status register 92. 

[0038] The antenna 62 is capable of receiving RF signals out- 
putted from a base station and is also capable of trans- 
mitting RF signals generated from the mobile unit 60 such 
as a cellular phone toward the base station. The 
transceiver 64 can convert RF signals generated from the 
base station into low-frequency baseband signals, and 
delivers the baseband signals to the MCU 68. In addition, 
the transceiver 64 also can convert baseband signals out- 
putted from the MCU 68 into high-frequency RF signals 
and the RF signals are outputted through the antenna 62. 

[0039] The MCU 68 such as a micro-controller is used to execute 
a real-time operating system (RTOS) 71 loaded into the 
memory 70 for control overall operation of the mobile 
unit 60. That is, the MCU 68 activates a plurality of control 



procedures to handle control signals and information sig- 
nals generated from the base station and uses the control 
procedures to transmit control signals and information 
signals generated from the mobile unit 60. The control 
signals are used to set communication protocol used by 
the mobile unit 60 and the corresponding base station. 
The information signals are speech signals or data signals 
communicated between a caller and a listener. 
[0040] The clock generator 70 is used to generate a first clock 
signal CLK_1 and a second clock signal CLK_2. The first 
clock signal CLK_1 is a high-frequency signal used to 
drive the MCU 68 to control operation of the mobile unit 
60, and the second clock signal CLK_2 is a low-frequency 
signal used to count an actual running period corre- 
sponding to a sleep mode. When the sleep mode is actu- 
ated, the first clock signal CLK_1 stops feeding the MCU 
68 to reduce power consumption. The first counter 74 is 
used to count cycles of the first clock signal CLK_1 to cal- 
culate a first count value 75. Then the timing generator 66 
generates a timing signal according to the first count 
value 75 and the timing signal is used to control the tim- 
ing of the mobile unit 68 be synchronized with the timing 
of the base station. Therefore, the transceiver 64 is capa- 



ble of correctly transmitting and receiving signals. 

[0041] For instance, suppose that a frame period adopted by the 
base station is equal to T, a period of the first clock signal 
CLK_1 is equal to t (T>t), and a predetermined count value 
is equal to n (T=n*t). Please note that the predetermined 
count value is stored in the first register 86. When the 
base station starts operating according to frames, the first 
counter 74 counts cycles of the first clock signal CLK_1 
based on an initial value (0 for example). That is, each cy- 
cle of the first clock signal CLK_1 makes the first count 
value 75 increased by 1. When the first count value 75 is 
equal to the predetermined count value, the mobile unit 
60 then acknowledges that one frame period of the base 
station has passed, and the next frame period is ready to 
begin. Therefore, the first count value 75 is reset to be the 
initial value, and first clock signal CLK_1 is counted again 
to determine ending time of this frame period. 

[0042] According to the above-mentioned operation, the mobile 
unit 60 can determine when a frame used by the base sta- 
tion starts and when this frame used by the base station 
finishes. That is, the timing of the mobile unit 60 is capa- 
ble of being synchronized with the timing of the base sta- 
tion. However, the period t of the first clock signal CLK_1 



and the period T of the frame period do not exactly corre- 
spond to an integral ratio. That is, even if n*t is close to T, 
the product of n and t is not precisely equal to T. Though 
a difference between n*t and T is small, a deviation (±An) 
exists between a resetting time of the first count value 75 
and an end time of the frame period after the first counter 

74 continuously uses the predetermined count value n to 
determine a plurality of frame periods used by the base 
station for a period of time. As a result, the mobile unit 60 
is unable to correctly determine the end time of following 
frame periods. Therefore, the timing of the mobile unit 60 
is not synchronized with the timing of the base station at 
this time. 

[0043] | n order to make the resetting time of the first count value 

75 synchronized with the end time of a following frame, 
the predetermined count value is modified to be n±An 
when the first counter 74 operates during the following 
frame. In the end, the timing of the mobile unit 60 is syn- 
chronized with timing of the base station again. Then, the 
predetermined count value n is recovered to help the first 
counter 74 to determine the beginning and finish of each 
frame used by the base station. In other words, with peri- 
odical adjustments of the predetermined count value n, 



timing of the mobile unit 60 is kept synchronized with 
timing of the base station. 
[0044] | n t he preferred embodiment, the first count value 75 
gradually increases an initial value by 1 until the first 
count value 75 equals the predetermined value. However, 
the first count value 75 can also gradually increase an ini- 
tial value by an integer k until the first count value 75 
equals the predetermined value. Similarly, the first count 
value 75 can also gradually decrease the predetermined 
value by the integer k until the first count value 75 equals 
the initial value. From each operation mentioned above, 
the same objective of calculating the frame period is 
achieved. It is obvious that the second counter 76 can 
count the second clock signal CLK_2 to gradually increase 
an initial value by an integer k for obtaining a second 
count value 77, or the second counter 76 can count the 
second clock signal CLK_2 to gradually decrease a prede- 
termined value by the integer k for obtaining the second 
count value 77. 

[0045] | n the preferred embodiment, the MCU 68 executes a syn- 
chronous task 78 through the RTOS 71. The synchronous 
task 78 is an interrupt service routine (ISR). Among the 
control procedures run by the RTOS 71, please note that 



the MCU 68 assigns a highest priority to the synchronous 
task 78. The synchronous task 78 is mainly used to per- 
form hardware setting associated with signal communica- 
tion between the mobile unit 60 and the corresponding 
base station and is also used to schedule utilization of 
hardware resources in the mobile unit 60. In addition, the 
mobile unit 60 performs the synchronous task 78 to make 
the timing of the mobile unit 60 synchronized with the 
timing of the base station. 
[0046] The synchronous task 78 includes a hardware driver 80, a 
sleep manager 82, and a scheduler 84. The hardware 
driver 80 is used to control the hardware setting. The 
sleep manager 82 is used to check if the mobile unit 60 
enters an idle mode. If the mobile unit 60 is idle, the mo- 
bile unit 60 is safe to enter the sleep mode. In addition, 
the sleep manager 82 also informs the scheduler 84 of 
starting the timing recovery operation after the sleep 
mode has been terminated. The scheduler 84 controls the 
hardware driver 80 to process schedule management of 
the hardware resource according to a protocol stack 
adopted by the mobile unit 60. For instance, hardware of 
the mobile unit 60 associated with signal transmission 
and signal reception is scheduled to operate in order for 



correctly completing the above-mentioned signal pro- 
cessing operations. 

[0047] please refer to Fig. 4, which is a diagram illustrating oper- 
ation of the synchronous task 78 shown in Fig. 3. The syn- 
chronous task 78 is an ISR. That is, the MCU 68 triggers 
an interrupt to perform the corresponding synchronous 
task 78. As shown in Fig. 4, the mobile unit 60 periodically 
triggers the interrupt within each frame used by the base 
station. During a frame N, the synchronous task 78a is 
executed. The hardware driver 80a starts setting hardware 
so that the mobile unit 60 can operate correctly to receive 
or transmit signals during a next frame N+l. The sleep 
manager 82a then judges if the sleep mode can be actu- 
ated, and the sleep manager 82a will transfer parameters 
associated with a timing recovery operation to the sched- 
uler 84a after the sleep mode is finished. The scheduler 
84a then schedules hardware resources of the mobile unit 
60 needed during a frame N + 2. 

[0048] when the synchronous task 78b is performed during the 
next frame N+l, the hardware driver 80b immediately re- 
ceives parameters outputted from the scheduler 84a of 
the previously executed synchronous task 78a to deter- 
mine the hardware setting. If the synchronous task 78a 



detects that the timing of the mobile unit 60 is not syn- 
chronized with the timing of the base station, the sched- 
uler 84a in the synchronous task 78a commands the 
hardware driver 80b of the following synchronous task 
78b to modify the predetermined count value. That is, the 
timing of the mobile unit 60 will be synchronized with the 
timing of the base station after the frame N+l is ended. 
Similarly, the sleep manager 82b is performed to check if 
the sleep mode can be actuated and then the scheduler 
84b performs schedule management for the hardware re- 
sources that are required during a frame N+3. When the 
frame N + l is ended, the timing of the mobile unit 60 is 
synchronized with timing of the base station. Therefore, 
when a following synchronous task 78c is performed dur- 
ing the frame N+2, the hardware driver 80c still adopts 
the original predetermined count value for calculating 
frame period of the frame N+2. Identical operation of the 
sleep manager 82c and the scheduler 84c has been de- 
scribed above. Therefore, the lengthy description is 
skipped for simplicity. 
[0049] please refer to Fig. 5, which is a flow chart illustrating op- 
eration of the sleep manager 82 shown in Fig. 3. Operation 
of the sleep manager 82 includes following steps. 



[0050] step 200: Start. 

[0051] step 202: Check if all of the currently loaded control pro- 
cedures are idle. If yes, go to step 204; otherwise, go to 
step 220. 

[0052] step 204: Calculate a predetermined sleep period. 

[0053] step 206: Convert the predetermined sleep period into cy- 
cles of the second clock signal CLK_2 and store a corre- 
sponding threshold value in the second register 88. 

[0054] step 208: Enable the sleep mode. 

[0055] step 210: Read the sleep mode status register. 

[0056] step 212: Before the first clock signal CLK_1 stops driving 
the MCU 68, determine if an external event is triggered to 
make the mobile unit 60 abort the sleep mode. If yes, go 
to step 220; otherwise, go to step 214. 

[0057] step 214: Is the sleep mode completed? If yes, go to step 
216; otherwise, go back to step 210. 

[0058] step 216: Calculate an actual sleep period. 

[0059] step 218: Inform the scheduler 84 of the actual sleep pe- 
riod in order to recover timing of the mobile unit 60. 
[0060] step 220: Finish. 

[0061] Operation of the sleep manager 82 is described as fol- 



lows. Because the synchronous task 78 is an ISR corre- 
sponding to a highest priority, the synchronous task 78 is 
capable of interrupting other control procedures currently 
being executed by the mobile unit 60 when the syn- 
chronous task 78 is executed. The currently loaded con- 
trol procedures are used to control operation of hardware 
in the mobile unit 60. Therefore, the sleep manager 82 is 
capable of checking if each of the currently loaded control 
procedures corresponds to an idle mode (step 202). If the 
sleep manager 82 judges that each currently loaded con- 
trol procedure is idle, it means that the mobile unit 60 
now is idle without performing any signal processing op- 
eration. Therefore, a sleep mode, which stops high- 
frequency clock signal driving the mobile unit 60, is acti- 
vated to reduce power consumption of the mobile unit 60. 
[0062] As mentioned above, the base station will deliver a paging 
signal to inform the mobile unit 60 of an incoming call. 
Therefore, the mobile unit 60 has to be on standby at cer- 
tain times to be prepared for receiving the paging signal. 
The sleep manager 82 needs to calculate predetermined 
sleep period associated with the sleep mode to make sure 
that the mobile unit 60 can recover from the sleep mode 
in time to successfully receive the paging signal (step 



204). The RTOS 71 will provide the sleep manager 82 with 
desired information and then the sleep manager 82 can 
figure out the predetermined sleep period. The predeter- 
mined sleep period is equal to an integral multiple of the 
frame period. 

[0063] when the mobile unit 60 enters the sleep mode, the first 
clock signal CLK_1 stops driving the mobile unit 60. 
Therefore, the preferred embodiment utilizes a second 
clock signal CLK_2 to calculate running period of the sleep 
mode. In other words, the predetermined sleep period is 
further converted into cycles of the second clock signal 
CLK_2 (step 206). The amount of cycles is assigned to a 
threshold value. Suppose that the mobile unit 60 enters 
the sleep mode, and the second counter 76 starts count- 
ing the second clock signal CLK_2. If the second count 
value 77 is gradually increased from an initial value (0 for 
example) to equal the threshold value, it means that the 
mobile unit 60 has gone through the predetermined sleep 
period, and needs to escape from the sleep mode to be on 
standby. 

[0064] After step 206 is completed, the sleep manager 82 drives 
the hardware of the mobile unit 60 to actuate the sleep 
mode (step 208), and then the sleep manager 82 reads 



information recorded in the sleep mode status register 92 
to check what the operational status associated with the 
sleep mode is (step 210). In the preferred embodiment, 
the sleep mode status register 92 includes at least the 
following 4 statuses. 
[0065] status (a): After the sleep manager 82 activates the sleep 
mode, the mobile unit 60 is waiting for the first clock sig- 
nal CLK_1 to be actually stopped from driving the mobile 
unit 60. 

[0066] status (b): During waiting for the first clock signal CLK_1 
to be actually stopped from driving the mobile unit 60, 
that is, before the first clock signal CLK_1, which is com- 
manded to stop driving the mobile unit 60, is actually 
stopped from driving the mobile unit 60, the mobile unit 
60 is trigged by an external event to abort coming execu- 
tion of the sleep mode. 

[0067] status (c): After the first clock signal CLK_1 has stopped 
driving the mobile unit 60, the mobile unit 60 is trigged 
by an external event to abort the currently executed sleep 
mode. 

[0068] status (d): After the first clock signal CLK_1 has stopped 
driving the mobile unit 60, the mobile unit 60 completely 
goes through the predetermined sleep period, and es- 



capes from the sleep mode to be on standby. 

[0069] | n the preferred embodiment, when the sleep manager 82 
actuates the sleep mode, the hardware of the mobile unit 
60 does not actually enter the sleep mode. That is, the 
first clock signal CLK_1 is not immediately blocked from 
driving the mobile unit 60. The reason is described later. 
Therefore, when the sleep mode status register 92 is read 
and the recorded status corresponds to the status (a) 
listed above, it means that the sleep manager 82 is wait- 
ing for the hardware of the mobile unit 60 to actually en- 
ter the sleep mode. At this time, the first clock signal 
CLK.l still drives the MCU 68. 

[0070] if the sleep mode status register 92 is read and the 

recorded status corresponds to the status (b) listed above, 
it means that the mobile unit 60 received an external 
event before the hardware of the mobile unit 60 actually 
enters the sleep mode. Therefore, a corresponding control 
procedure should be executed by the MCU 68 to handle 
the external event. In other words, the mobile unit 60 is 
not allowed to enter the sleep mode. That is, the mobile 
unit 60 needs to abort the sleep mode operation that is 
ready to start. After step 212 is completed, step 220 is 
then performed to terminate operation of the sleep man- 



ager 82. 

[0071] if the sleep mode status register 92 is read and the 

recorded status corresponds to the status (c) listed above, 
it means that the mobile unit 60 received an external 
event after the hardware of the mobile unit 60 has entered 
the sleep mode. The mobile unit 60 should escape from 
the sleep mode to handle the external event. Similarly, if 
the sleep mode status register 92 is read and the 
recorded status corresponds to the status (d) listed above, 
it means that the mobile unit 60 has successfully under- 
gone a duration corresponding to the predetermined 
sleep period. In other words, the mobile unit 60 has es- 
caped from the sleep mode, to be on standby. Therefore, 
according to step 214, an actual sleep period needs to be 
calculated after the sleep mode is terminated (step 216). 

[0072] As mentioned above, if the mobile unit 60 corresponding 
to the status (c) escapes from the sleep mode, the actual 
sleep period is shorter than the predetermined sleep pe- 
riod. On the other hand, if the mobile unit 60 correspond- 
ing to the status (d) escapes from the sleep mode, the ac- 
tual sleep period is equal to the predetermined sleep pe- 
riod. The calculation of the actual sleep period is de- 
scribed later. 



[0073] | n the end, information associated with the actual sleep 
period is delivered to the scheduler 84 (step 218). As 
mentioned above, the scheduler 84 is capable of com- 
manding the hardware driver 80 of the following syn- 
chronous task 78 to perform the timing recovery opera- 
tion. Therefore, after hardware driver 80 of the following 
synchronous task 78 is executed, the timing of the mobile 
unit 60 is then synchronized with the timing of the base 
station. In the preferred embodiment, the sleep manager 
82 adopts a prior polling method (a loop formed by step 
210, 212, 2 14) to check a status recorded by the sleep 
mode status register 92. Therefore, processing statuses 
and termination reasons associated with the sleep mode 
are acknowledged easily. 

[0074] please refer to Fig. 6, which is a flow chart illustrating op- 
eration of the sleep mode performed by the mobile unit 
60 shown in Fig. 3. Operation of the sleep mode per- 
formed by the mobile unit 60 includes following steps. 

[0075] step 300: Start. 

[0076] step 302: Does a voltage level of the second clock signal 
CLK_2 generated from the clock generator 72 correspond 
to either a rising edge or a falling edge? If yes, go to step 
306; otherwise, perform step 304 repeatedly. 



[0077] step 306: The third register 90 records the first count 
value 75 currently counted by the first register 74. 

[0078] step 308: Active the second counter 76 to count the sec- 
ond clock signal CLK_2. 

[0079] step 310: Is the mobile unit 60 triggered by an external 
event? If yes, go to step 326; otherwise, go to step 312. 

[0080] step 312: Is the first count value 75 equal to the predeter- 
mined count value? If yes, go to step 314; otherwise, go to 
step 310. 

[° 081 ] Step 314: Disable the first clock signal CLK_1. 

[0082] step 316: Is the mobile unit 60 triggered by an external 
event? If yes, go to step 320; otherwise, go to step 318. 

[0083] step 318: Is the second count value 77 equal to the 

threshold value? If yes, go to step 320; otherwise, go to 
step 316. 

[0084] step 320: Disable the second counter 76. 
[0085] step 322: Restart the first clock signal CLK_1. 
[0086] step 324: Terminate the sleep mode. 
[0087] step 326: Finish. 

[0088] The objective and operation of the above-mentioned flow 
of control is described as follows. According to step 208, 



shown in Fig. 5, the sleep manager 82 actuates operation 
of the sleep mode now. In addition, the mobile unit 60 
starts controlling its hardware to operate properly to enter 
the sleep mode (step 302). As mentioned above, execu- 
tion of the sleep mode can achieve an objective of saving 
power through stopping the first clock signal CLK_1 from 
driving the mobile unit 60. Therefore, when the MCU 68 
ceases functioning, the second clock signal CLK_2 is nec- 
essary to count the running period associated with the 
sleep mode. Therefore, it needs to judge if a voltage level 
of the second clock signal CLK_2 corresponds to either a 
rising edge or a falling edge to trigger execution of fol- 
lowing steps (step 304). 
[0089] if the second clock signal CLK_2 has either the rising edge 
or the falling edge now, the first count value 75 currently 
calculated by the first counter 74 is recorded in the third 
register 90 (step 306) before the second counter 76 is ac- 
tivated to start counting the second clock signal CLK_2 
(step 308). Then, the mobile unit 60 begins to detect if an 
external event occurs (step 310). If an external event trig- 
gers the mobile unit 60, the mobile unit 60 absolutely has 
to abort execution of the sleep mode to successfully han- 
dle the inputted external event. Otherwise, the mobile unit 



60 checks if the first count value is equal to the predeter- 
mined count value. That is, when the frame period 
watched by the sleep manager 82 is over, the mobile unit 
60 actually enters the sleep mode. In other words, when 
one corresponding frame is over, the mobile unit 60 then 
disables the first clock signal CLK_1, and enters the sleep 
mode (step 314). 

[0090] Suppose that the mobile unit 60 has entered the sleep 
mode. If the mobile unit 60 is triggered by an external 
event before the mobile unit 60 completely goes through 
the predetermined sleep period, the mobile unit 60 per- 
forms step 320 to stop timing execution of the sleep 
mode. Therefore, the mobile unit 60 continuously detects 
for an occurrence of the external event (step 316) until 
the second count value 77 is equal to the threshold value 
and the predetermined sleep period is passed (step 318). 
After the second counter 76 stops counting cycles of the 
second clock signal CLK_2, the first clock signal CLK_1 
starts driving the mobile unit 60 again to make the mobile 
unit 60 leave the sleep mode and operate normally. 

[0091] it is noteworthy that after step 302 is executed, the mo- 
bile unit 60 forces the sleep mode status register 92 to 
record the status (a). After an external event is detected 



through step 310, the mobile unit 60 forces the sleep 
mode status register 92 to record the status (b). After an 
external event is detected through step 316, the mobile 
unit 60 forces the sleep mode status register 92 to record 
the status (c). After step 318 is executed, the mobile unit 
60 forces the sleep mode status register 92 to record the 
status (d). After the mobile unit 60 enters the sleep mode, 
the MCU 68 is not driven by the first clock signal CLK_1 so 
that the sleep manager 82 is paused. That is, when the 
mobile unit 60 enters the sleep mode, the sleep manager 
82 is immediately interrupted with no clock signal. Actu- 
ally, the sleep manager 82 cannot know its operational 
statuses. Therefore, the preferred embodiment utilizes in- 
formation stored in the sleep mode status register 92 to 
represent operational statuses and termination reasons 
associated with the sleep mode. After the mobile unit 60 
leaves the sleep mode, the paused sleep manager 82 then 
starts working. At this time, the sleep manager 82 is ca- 
pable of acknowledging that the sleep mode has been 
completed or has been aborted, and then the sleep man- 
ager 82 figures out an actual sleep period (step 218 
shown in Fig. 5). 

[0092] The preferred embodiment makes use of the first count 



value 75 stored through step 306, the second count value 
77 recorded through step 320, and the predetermined 
count value used by the first counter 74 to calculate the 
actual sleep period. For instance, suppose that frequency 
of the first clock signal CLK_1 is represented by fl, fre- 
quency of the second clock signal CLK_2 is represented by 
f2, the first count value 75 corresponding to step 306 is 
represented by OLD_COUNT, the second count value 77 
corresponding to step 320 is represented by SEC_COUNT, 
and the predetermined count value corresponding to the 
first count value 74 is represented by WRAP.THRESHOLD. 
The actual sleep period counted by cycles of the first clock 
signal CLK_1 is shown as follows. 



- (WRAP.THRESHOLD - OLD_COUNT)Therefore, the 
scheduler 84 commands the hardware driver 80 of the 
next synchronous task 78 to adjust the predetermined 
count value used by the first counter 74 according to cy- 
cles of the first clock signal CLK_1 that is equivalent to the 



[0093] SEC.COUNT * 





actual sleep period. After the mobile unit 60 leaves the 
sleep mode, the timing of the mobile unit 60 is then syn- 
chronized with the timing of the base station again. 

[0094] please refer to Fig. 7 in conjunction with Fig. 3. Fig. 7 is a 
diagram illustrating the timing recovery operation per- 
formed by the mobile unit 60 shown in Fig. 3. The wave- 
forms listed from top to bottom sequentially represent the 
first clock signal CLK_1, the second clock signal CLK_2, 
the first count value 75, frames run at the base station, 
the synchronous task 78, and time. 

[0095] Suppose that the timing of the mobile unit 60 is initially 
synchronized with the timing of the base station when 
frame N-l run at the base station begins. At time tO, the 
first counter 74 counts the first clock signal CLK_1 from 
an initial value such as zero. At time tl, the MCU 68 starts 
executing the synchronous task 78 because the MCU 68 is 
triggered by an interrupt. The synchronous task 78 in- 
cludes a hardware driver 80, a sleep manager 82, and a 
scheduler 84. The hardware driver 80, the sleep manager 
82, and the scheduler 84 are simply represented by num- 
bers 80, 82, 84 shown in Fig. 7. Because the timing of the 
mobile unit 60 is currently synchronized with the timing 
of the base station, the hardware driver 80 does not need 



to modify the predetermined count value used by the first 
counter 74. With regard to the first counter 74, it still 
counts the first clock signal CLK_1 until the first count 
value 75 is equal to the predetermined count value TH1. 
[0096] when the sleep manager 82 determines that the mobile 
unit 60 can enter the sleep mode, the mobile unit 60 at 
time t2 (the second clock signal corresponds to either the 
rising edge or the falling edge) records currently counted 
first count value 75 into the third register 90 (step 306 
shown in Fig. 6). That is, the third register 90 records a 
value CI. Then, the mobile unit 60 starts activating the 
second counter 76 to count the second clock CLK_2 (step 
308 shown in Fig. 6). At this time, the first count value 75 
does not equal the predetermined count value TH1 yet. 
Therefore, the first clock signal CLK_1 still continues driv- 
ing the mobile unit 60 until the mobile unit 60 enters the 
sleep mode at time t3. At that time, the sleep manager 82 
is paused owing to the disabled MCU 68. When the mobile 
unit 60 terminates the sleep mode at time t4 because the 
sleep mode is aborted or is normally ended, the second 
count value 77 records a value C2 corresponding to an in- 
terval between time t2 and t4. At the same time, the first 
counter 74 counts the first clock signal CLK_1 from an 



initial value to calculate the first count value 75. 
[0097] | t j S obvious that time t4 is not exactly the beginning time 
of the frame N+M-2 referenced by the base station. That 
is, when the mobile unit 60 leaves the sleep mode, the 
timing of the mobile unit 60 is deviated from timing of the 
base station. Therefore, the sleep manager 82 calculates 
cycles of the first clock signal CLK_1 corresponding to the 
actual sleep period based on the above-mentioned for- 
mula, that is, SEC.COUNT* 



- (WRAP.THRESHOLD - OLD.COUNT). The amount of cy- 
cles is further represented by C2 * 



- (TH1 - CI), where the frequency of the first clock signal 
CLK_1 is represented by fl and the frequency of the sec- 
ond clock signal CLK_2 is represented by f2. In order to 







conveniently illustrate features of the present invention, 
please note that the frequency of the first clock signal 
CLK_1 shown in Fig. 7 is twice as high as the frequency of 
the second clock signal CLK_2 shown in Fig. 7. However, 
the first clock signal CLK_1 and the second clock signal 
CLK_2 in the preferred embodiment can correspond to any 
ratio for achieving the objective of counting a period of 
time. 

[0098] The sleep manager 82 then informs the scheduler 84 of 
the calculated result. Therefore, the scheduler 84 is capa- 
ble of commanding the hardware driver 80 run at time t5 
to further adjust originally adopted predetermined count 
value TH1 to be TH2. It is noteworthy that the first count 
value 75 cannot match the predetermined count value 
TH1 at time t5 because the difference between time t4 
and time t5 is always shorter than each frame time refer- 
enced by the base station. Therefore, the first count value 
75 is increased continuously after time t5 until the first 
count value 75 is reset to correspond to the initial value at 
time t6. 

[0099] As shown in Fig. 7, the timing of the mobile unit is syn- 
chronized with the timing of the base station at time t6. 
During the following frame N+M referenced by the base 



station, the mobile unit 60 adopts the original predeter- 
mined count value TH1 to calculate a frame period to 
know the beginning time and the finish time associated 
with the frame N+M. 
[0100] | n the preferred embodiment, please note that the sleep 
manager 82 is executed after the hardware driver 80, and 
the sleep manager 82 is executed before the scheduler 
84. During a period when the mobile unit 60 enters the 
sleep mode and performs a corresponding timing recov- 
ery operation, the execution sequence mentioned above is 
easy to implement and the corresponding performance is 
optimum. However, even though the execution sequence 
associated with the hardware driver 80, the sleep manager 
82, and the scheduler 84 is modified, the sleep manager 
82 is also capable of achieving the same objectives of 
controlling execution of the sleep mode and operation of 
recovering timing of the mobile unit 60. In addition, each 
of the first register 86, the second register 88, the third 
register 90, the sleep mode status register 92, the first 
counter 74, and the second counter 76 in the preferred 
embodiment is an independent circuit. However, the cir- 
cuits can be integrated into other circuits of the mobile 
unit 60 to perform their functionality. For example, the 



first counter 74 can be integrated with the clock generator 
66, or the second counter 76 can be integrated with the 
clock generator 72. 

[° 101 ] In contrast to the prior art, the claimed method for con- 
trolling the timing of a mobile unit uses one interrupt ser- 
vice routine with a highest priority to simultaneously con- 
trol an execution of the sleep mode and an operation of 
recovering timing. Because the interrupt service routine 
has the highest priority, associated operations (timing re- 
covery operation for example) run by the used interrupt 
service routine are not allowed to be interrupted by other 
programs or other interrupt service routines. Therefore, 
the mobile unit, a cellular phone for example, performs 
the sleep mode more efficiently to reduce power con- 
sumption of the mobile unit so that life of the battery is 
extended. To sum up, the claimed method provides a 
simple scheme and an efficient way to manage operation 
of the sleep mode. 

[0102] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



